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Outline

• Theoretical intro: SUSY & the weak scale (MSSM & beyond)

• Looking at the current status (circa SUSY11)

• A (partial) list of other things that can be looked for 
from now on (besides keep pushing current limits up) 
(light 3rd gen’, weak inos, displaced objects, low MET scenarios, long decay 
chains/compressed spectra, …)

• Conclusions

Wednesday, October 12, 11



SUSY & the weak scale
• SUSY provides a nice framework for stabilizing the 

ElectroWeak scale

• (some of the) superpartners have to be light enough                  
(µ → higgsinos, mQ3,mU3,At → stop (sbottom))  

• more general than the MSSM: 4-dim N=1 SUSY for Higgs+3rd generation (e.g 
no SUSY-extra dim’), perturbative Electroweak Sym’ Breaking (e.g no SUSY-Technicolor, …), …)

• amount of cancelation has not been directly probed yet! 
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• What are the minimal requirements for a "natural" 
weak-scale SUSY?

• 2 light stops

• 1 light “left-handed” sbottom (required to be near the 
stops by weak isospin) 

• light higgsinos, i.e. 2 neutralinos and 1 chargino

• a not-too-heavy gluino:

Gluinos correct the stop mass at 1-loop...
...and feed into the Higgs mass at two loops...

What about numbers?
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hard to make sharp quantitative statements: what is “natural”?  
10-9=1? 100-99=1? 1000-999=1? 1 part in 104? …

Less problems w/ low 
scale mediation bound ameliorated if something 

beyond the MSSM increase the 
Higgs mass (e.g. NMSSM, …)

(e.g. Kitano & Nomura 2006)

MSSM, large MHiggs:

Gluinos: Higgsinos: 
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Digression: the MSSM
• The weak scale is determined by:

• The physical Higgs mass is

• LEP bound mH > 114 GeV requires heavy stops

• tuning of ~ few %

2 Electroweak Symmetry Breaking

In the Higgs decoupling limit of the MSSM, the lower bound on the mass of
the lighter CP-even Higgs mass eigenstate h coincides with the 114.4 GeV
bound on the mass of the SM Higgs boson [1]. The mass of h may be
approximated by
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which, in addition to the tree-level Higgs mass, includes the dominant one-
loop quantum corrections coming from top and stop loops [28, 29, 30, 31, 32,
33]. Here mt is the top mass, m2

t̃
is the arithmetic mean of the two squared

stop masses and v = 2mW /g ! 174.1 GeV where g is the SU(2) gauge
coupling and mW is the mass of the W -boson. Furthermore, equation (1)
assumes mt̃ # mt. The stop mixing parameter is given by Xt = At −µ cot β
(! At for large tan β), where At denotes the stop soft trilinear coupling
and µ is the supersymmetric Higgsino mass parameter. The first term in
equation (1) is the tree-level contribution to the Higgs mass. The first term
in square brackets comes from renormalization group running of the Higgs
quartic coupling below the stop mass scale and vanishes in the limit of exact
supersymmetry. It grows logarithmically with the stop mass. The second
term in square brackets is only present for non-zero stop mixing and comes
from a finite threshold correction to the Higgs quartic coupling at the stop
mass scale. It is independent of the stop mass for fixed Xt/mt̃, and grows as
(Xt/mt̃)

2 for small Xt/mt̃.
Equation (1) implies a combination of three things which are required to

satisfy the bound on mh, namely a large tree-level contribution, large stop
masses and large stop mixing. A large tree-level contribution to mh requires
tanβ to be at least of a moderate size (! 5− 10). Although the stop masses
must be rather large, their lower bound is very sensitive to the size of the
stop mixing, with larger mixing allowing for much smaller stop masses (see
[34] for a recent study on this). The reason for this sensitive dependence
is due to the Higgs mass depending logarithmically on the stop masses in
contrast to the polynomial dependence on the stop mixing.

The soft masses are not only directly constrained from the LEP Higgs
bounds but also indirectly by constraints on flavor changing neutral currents,
electroweak precision measurements and CP-violation. Besides these, how-
ever, the Higgs sector parameters are also constrained by requiring that the
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Higgs & SUSY
• MSSM: minimal Higgs potential (like the SM Higgs for 

non-SUSY theories)

• minimality not necessarily followed by Nature 
(remember SU(3)xSU(2)xU(1), with 3 generations, …) 

• If more complicated Higgs sector:

• constraints on SUSY particles from Higgs searches can 
go away 

• are direct SUSY searches affected?
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general look on SUSY?
• if e.g. extended Higgs sector: more particles (generally 

charginos and neutralinos). Often similar signatures and 
topologies but with different σ and BR’s (e.g. BR(χ’→ Z χ) 
vs. BR(χ’→ h χ)) 

• stick with MSSM spectrum but without committing to 
specific mass/BR’s relations (MSSM has already enough 
variety). Kinematics is the guide 

• Sometimes totally different pheno: keep an open eye on 
qualitatively very different signatures that can be obtained 
by adding very little on top of the MSSM (theory input for 
possible examples)

Flow
 of the talk
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MSSM-like
R-parity conserving signatures
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SUSY Searches
• By now we have learned that the 1st & 2nd generation 

squarks likely to be heavy (modulo pathologies)

EPS-HEP 2011, Grenoble Anyes Taffard  - Overview SUSY Searches With ATLAS 9 

Jets+ET
miss Search Interpretation 

Best expected signal region per model point is chosen 

Phenomenological#MSSM#squark4gluino#grids:#
  masses#from#100#GeV#to#2#TeV,#neutralino#mass#of#0#
  Limits#unchanged#if#LSP#mass#raised#to#200#GeV#

MSUGRA/CMSSM#A0=0,#tanβ=10,#μ>0#

Model$independent$fiducial$cross$secPon$limit,$95%$C.L.$

≥2Djets% ≥3Djets%
%

≥4Djets%
Meff>500%GeV%

≥4Djets%
Meff>10000%GeV%

High%mass%

24#o# 30#o# 477#o# 32#o# 17#o#

Exclude#at#95%#C.L##
#
If##############,#masses#<#1075##GeV#

m !g ! 800 GeV m !q ! 850 GeV
m !g = m !q

Exclude#at#95%#C.L##
If#################,#masses#<#980##GeV#m !g = m !q

•  Scalar#mass#parameters:#m0#

•  Gaugino#mass#parameter:#m½#
•  Trilinear#Higgs4sfermion4sfermion#coupling:#A0#

•  RaYo#of#Higgs#vacuum#expectaYon#values:#tanβ#
•  Sign#of#SUSY#Higgs#parameter:#sign(μ)#

• bounds > 800-1000 GeV 
from jets+MET searches 
with 1fb-1

• gluino limits above ~700 
GeV from various other 
channels

• difficult to bring down 
light squarks considerably
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1st-2nd gen’ bounds vs. naturalness

• If SUSY breaking is flavor blind (soft masses ∝ 13x3 in 
generation space @ mediation scale ΛM) 

• no problem with flavor physics bounds (~ Minimal 

Flavor Viol’) ☺

• strong bound on light squark masses translates into 

bound on stop masses  ☹

• even at low ΛM~10TeV: 

vs.
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A certain tension starts building 
up irrespective of the LEP Higgs 

bound...

other sources for the Higgs quartic coupling, raising the Higgs mass above the LEP limit

without the necessity of having very heavy stops.

On the other hand, Eq. 1 holds generically, and one can address the question of naturalness

of the Electroweak scale in the light of direct sparticle searches independently of the searches

for the Higgs sector1.

A natural SUSY spectrum would therefore have both stops below 500�700GeV and µ in

the 100� 300GeV range. Most of the other parameters determining the spectrum of super

particles are less constrained by the naturalness requirement and in principle can be much

heavier that the Weak scale. An exception is the gluino mass which feeds into the Higgs

mass potential at two loops and can induce sizable corrections, due to the strength of the

QCD interactions. In the leading logarithmic approximation its contribution reads
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where M3 is the soft gluino mass. Hence, in a natural theory (with Majorana gluinos) one

would expect the gluinos to have masses below 1.5TeV.

The relevant question therefore is what are the present lower bounds on the masses of

third generation squarks, of gluinos and of higgsinos, coming from direct searches and how

the first year of the LHC running at 7TeV a↵ected the answer. This will be the subject of

Section ??.

As it will be summarized in the next Section the strongest bounds on SUSY, set by the

LHC are coming from producing gluinos and the first two generation squarks. Presently

they are of the order of 1TeV. Decoupling these states would weaken the tension with

naturalness only if the squark masses are introduced in a flavor non-universal way at the

scale where SUSY breaking is mediated to the SSM sector. Renormalization group induced

splittings between the first twon and the third generation squarks originates from the same

top Yukawa interactions that correct the Higgs potential.

In flavor universal SUSY models, requiring large splittings between squarks increases the

fine-tuning in the Higgs potential. In particular, at one loop
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1 Comment on caveats

3

Splitting the 3rd gen’  by Renormalization Group evolution 
doesn’t help:

Finetuning Splitting

1-loop, LL, not too large tanβ 

(for conventional “natural” SUSY squarks better to be 
split from the beginning)
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with high scale mediation models situation is much worse 
(log enhancement)

e.g. in the 
CMSSM, 

after 35 pb-1: 

Strumia 2011
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Figure 2: Darker pink region: excluded by LEP. Pink region: excluded by early LHC (the red
lines show the various bounds from ATLAS and CMS). Naturalness scan of the CMSSM. Red
points are excluded by LHC, black points have been excluded earlier, green points are allowed.

We randomly scan the full theoretically allowed adimensional parameters of the model
(the adimensional ratios between m0, M1/2, µ, A0, B0 as well as the top Yukawa coupling
�t, all renormalized at the unification scale) determining the overall SUSY mass scale and
tan � from the potential minimization condition. Thanks to the last step, we sample the full
CMSSM parameter space according to its natural density (rare accidental cancellations that
make sparticles heavy happen rarely). We compute how rare are the still allowed sparticle
spectra, as in [1] that claimed that only 5% of the CMSSM parameter space survived to LEP.

More formally, this is a Monte Carlo Bayesian technique that starts with an arbitrary non-
informative prior probability density function (the ‘random scan’, precisely defined in [1]) and
gives a set of points in parameter space with probability density roughly equal to the inverse of
the various fine-tuning measures proposed to approximate the naturalness issue [7]. The above
procedure makes no use of any fine-tuning parameter, and automatically takes into account all
fine-tunings: not only the one needed to have MZ ⌧ m0,M1/2, µ, but also the one needed to
have tan � � 1, or the fine-tuning on �t that can give a small or even negative m2

0 coe�cient
in eq. (1), such that the M2

3 term can be cancelled by m2
0 rather than by µ2. The scanning

is restricted to top quark masses within 3 standard deviations of the present measured value,
mt = (173.1± 1.1)GeV [8].

A technical detail. The MSSM minimization equations generalize eq. (1) taking into account
one loop corrections to the potential. To understand their relevance, we recall that at tree level
the higgs mass is predicted to be mtree

h  MZ cos 2�, while at loop level it can be above the
experimental limit mh > 114GeV. The e↵ect of minimizing the one loop potential (rather than
the tree level potential) is essentially equivalent to rescaling the overall SUSY mass scale by a
factor mh/mtree

h , which helps naturalness.

We consider the three main bounds on sparticles, that can be roughly summarized as follows:

3

CAVEAT: all this story about naturalness may be misguidance 
(maybe anthropics, maybe just unlucky, ...). LHC will tell...
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What about the rest?
• 1fb-1 is transition luminosity:

• L<1fb-1 forced to look only 
for cascades initiated by 
gluinos/first two generation 
squarks

•  L>1fb-1 direct production of 
stops, sbottoms and EW 
inos starts to be 
progressively accessible

(For “natural SUSY” one can still have the options to wait for higher energy and 
keep pushing gluino limits, but naturalness may be just a theoretical bias…)
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Light stops and sbottoms

• main ingredient for natural for Electroweak Symmetry 
Breaking (together with light higgsinos and not-too-
heavy (<1-1.5TeV) gluinos)

• Splitting the squarks:

• 3rd generation “light” vs. 1st-2nd generations 
“heavy”

• Can be compatible with flavor constraints 

(Dimopoulos & Giudice ’95, Barbieri & Hall ’95, Cohen et al. ‘96, 
Gherghetta et al. ’03,’11, Sundrum ’09,

Barbieri et al. ’09-’11, Craig et al. ’11,  ... )  

(originally motivated by flavor, now by LHC searches)
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Stops and sbottoms before the summer

• TeVatron:

• Stops can still be light (even 120-180 GeV) (promptly decaying)

• Sbottoms should be > 250 GeV (promptly decaying)

• Additional small “holes” near kinematic degeneracies
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Figure 4: Observed and expected 95% C.L. exclusion limits in the (mg̃,mb̃1
) plane. Also shown

are the 68% and 99%C.L. expected exclusion curves. For each point in the plot, the signal region
selection providing the best expected limit is chosen. The neutralino mass is set to 60 GeV. The
result is compared to previous results from ATLAS and CDF searches which assume the same
gluino-sbottom decays hypotheses. Exclusion limits from the CDF and D0 experiments on
direct sbottom pair production are also shown.

are heavier than the gluino, which decays exclusively into three-body final states (b  bχ̃0
1 ) via

an off-shell sbottom. Such a scenario can be considered complementary to the previous one.
The exclusion limits obtained on the (mg̃,mχ̃0

1
) plane are shown in Figure 5 for gluino masses

above 200 GeV. For each combination of masses, the analysis providing the best expected limit
is chosen. The selection 3JD leads to the best sensitivity for gluino masses above 400 GeV
and ΔM(g̃− χ̃0

1 ) > 100 GeV. At low ΔM(g̃− χ̃0
1 ), soft b-jets spectra and low Emiss

T are expected,
giving higher sensitivity to the signal regions 3JA and 3JB are preferred. Low gluino mass
scenarios present moderate meff and high b-jet multiplicity, thus favouring signal region 3JC.
Neutralinomasses below 200-250 GeV are excluded for gluinomasses in the range 200-660 GeV,
if ΔM(g̃− χ̃0

1 ) >100 GeV.
The results can be generalised in terms of 95% C.L. upper cross section limits for gluino-

like pair production processes with produced particles decaying into b  bχ̃0
1 final states. The

cross section upper limits versus the gluino and neutralino mass are also given in Figure 5.
The results are finally employed to extract limits on the gluino mass in the two SO(10)

scenarios, DR3 and HS. Gluino masses below 570 GeV are excluded for the DR3 model. In this
case g̃→ b  bχ̃0

1 decays dominate up to gluino masses of 550 GeV: above this range, high BR for
different decay modes decrease the sensitivity of the selected final states. A lower sensitivity,
mg̃ < 450GeV, is found for theHSmodel, where larger branching ratios of g̃→ b  bχ̃0

2 are expected
and the efficiency of the selection is reduced with respect to the DR3 case (m

χ̃0
2
≈ 2×m

χ̃0
1
).

7 Conclusions

An update on the search for supersymmetry in final states with missing transverse momen-
tum, b-jet candidates and no isolated leptons in proton-proton collisions at 7 TeV is presented.
The results are based on data corresponding to an integrated luminosity of 0.83 fb−1 collected

9

LHC pre-fb-1: exclusion 
driven by gluinos
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3rd gen spectrum:

Two Stops:

One Sbottom:

The other sbottom mass is basically free

Fixed by Isospin
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Stops and sbottoms after the summer

• Closer look to the analyses appeared this summer 
(ATLAS & CMS) to assess their implication for 
natural SUSY scenarios

(w/ J.Ruderman, N.Toro, A.Weiler, 1110.xxxx)

1 The SUSY Searches

ATLAS CMS
channel L [fb�1] ref. channel L [fb�1] ref.

jets + /ET

2-4 jets 1.04 [1] ↵T 1.1 [9, 10]
6-8 jets 1.34 [2] HT , /HT 1.1 [11]

b-jets + /ET
b+ 0l 0.83 [3] mT2 (+ b) 1.1 [12]
b+ 1l 1.03 [4]

multilepton + /ET

1l 1.04 [5] 1l 1.1 [13]
µ±µ± 1.6 [6] SS dilepton 0.98 [14]
tt̄ ! 2l 1.04 [7] OS dilepton 0.98 [15]
tt̄ ! 1l 1.04 [8] Z ! l±l⌥ 0.98 [16]

References

[1] G. Aad et al. [ATLAS Collaboration], “Search for squarks and gluinos using
final states with jets and missing transverse momentum with the ATLAS
detector in sqrt(s) = 7 TeV proton-proton collisions,” arXiv:1109.6572 [hep-
ex].

[2] Flowerdew, M., “Search for supersymmetry in final states with jets and
missing transverse momentum with the ATLAS detector,” Supersymmetry
2011, August 2011.

[3] ATLAS Collaboration, “Search for supersymmetry in pp collisions atp
s = 7 TeV in final states with missing transverse momentum, b-jets and

no leptons with the ATLAS detector,” ATLAS-CONF-2011-098, July 2011.

[4] ATLAS Collaboration, “Search for supersymmetry in pp collisions atp
s = 7 TeV in final states with missing transverse momentum, b-jets and

one lepton with the ATLAS detector,” ATLAS-CONF-2011-130, August
2011.

[5] G. Aad, B. Abbott, J. Abdallah, A. A. Abdelalim, A. Abdesselam, O. Ab-
dinov, B. Abi, M. Abolins et al., “Search for supersymmetry in final
states with jets, missing transverse momentum and one isolated lepton
in

p
s = 7 TeV pp collisions using 1 fb-1 of ATLAS data,” arXiv:1109.6606

[hep-ex].

[6] ATLAS Collaboration, “Search for Anomalous Production of Prompt Like-
sign Muon Pairs,” ATLAS-CONF-2011-126, August 2011.

[7] ATLAS Collaboration, A Search for tt̄ Resonances in the Dilepton Channel
in 1.04 fb�1 of pp collisions at

p
s = 7 TeV with the ATLAS experiment,”

ATLAS-CONF-2011-123, August 2011.

1

+t’,b’ from CMS (PAS-EXO 36,50,51), 4lept from ATLAS (CONF-NOTE-144)

Wednesday, October 12, 11



Stops and sbottoms after the summer

e.g.: 

100 GeV

200 GeV

300 GeV
350 GeV

• 3rd gen direct production already 
constrained in the most favorable cases

“Teorists estimates”:
wouldn’t trust by more than 

O(50GeV), but many times we get 
much better agreement than that... 

M1 = 100GeV, µ = 200GeV
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Most of the power gained by having 3 states close 
to each other

Gain is still quickly lost by splitting:

via At: via mU3-mQ3: or

most constrained

Stops and sbottoms after the summer

 (e.g. of total eff CMS j+MET: 50% from 2 stops, 50% from 1 sbottom)

(+Tevatron sbottoms bounds)
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Stops and sbottoms after the summer
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Stops and sbottoms after the summer
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Direct EW inos prod’
• In the MSSM 3 params control everything: M1, M2, µ 

If 1 mass somewhat larger than 
the others, system simple 

enough to be tackled model 
independently… 

If no sleptons around then decays involve gauge bosons 
and higgs(es). Changing ordering of masses changes 

only BR’s and σ.   
(+ “Simplif’ model” for the case with 1 on-shell slepton already presented in 

2008 by S.Thomas & Rutgers CDF group)
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decay to on-shell 
slL, snuL dominant 
once it is open.

on-shell decay to 
h dominate over 
on-shell Z

off-shell slL/snuL 
dominate over off-
shell Z/W

on-shell decay to h 
dominate over on-shell 
Z, slepton

on-shell/off-shell 
decay via Z/W 
dominate over slepton

slR does not affect 
mχ1± decay, except 
stau via LR mixing
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χ1± decay 100% via 
on/off-shell W when 
no light slepton

talk @ SUSY11
by S. Su

Nice coverage 
of direct     
EW ino 

production
(mostly Bino 

LSP case)
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Direct EW inos prod’
• S. Su, T. Han, S. Padhi, to appear soon

study constraints on EW ino direct production from 
CMS SS dilept’

Best sensitivity with 
low HT requirements 

in that analysis

S. Su 22

SS2l+jets + MET

๏ low HT cut has better reach!
๏ probably best exclusion channel among four searches 
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๏ 0.98 fb-1 has no reach
๏ with more data (even just 10fb-1), should have some reach in M1-M2 plane.

No reach with 0.98 fb-1, 
need more data
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Different signatures without leaving 
the MSSM
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There’s the gravitino...

It can easily span very different masses and very 
different lifetimes depending on where/how SUSY is 

broken...
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There’s the gravitino...
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Prompt Searches

"Non-pointing"
searches

… it can be light (not a big deal, still MET+X), and 
make the NLSP long lived!!

A window of  ~2 orders of magnitude for SUSY 
mediation scale with reduced sensitivity (about a 

factor of 10) w.r.t. standard searches

• Neutral NLSP:              
non-pointing photons 
(classic), but also non-
pointing Z(*) or even Higgs
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• Charged/colored NLSP: if 
travel long enough it gets 
caught in CHAMPs searches.

• Charged final state can be 
pretty much anything (from 
leptons to jets to even tops)

• Searches??
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Figure 5: Discovery potential for Higgsino NLSPs decaying to displaced Z’s (in the final

states discussed in this section) at ATLAS in 1 fb�1 at 7 TeV. Left plot: lines of constant

�⇥Br⇥ " = 5, for di↵erent values of c⌧ , in the Mgluino-Msquark plane. Right plot: Contours

of �⇥Br⇥ " in the Mgluino-c⌧ plane, for fixed Msquark = 1 TeV. In both plots we have taken

mNLSP = 250 GeV.

the discovery reach in the lifetime and colored cross section plane, we take the following

benchmark scenario: gluinos and squarks decaying directly down to Higgsino NLSPs. We

will fix the NLSP mass at 250 GeV, since the discovery potential does not depend strongly on

it in most of the parameter space. We also assume for simplicity that Br(�̃0

1

! Z + G̃) = 1.

We expect that the discovery potential is insensitive to the details of the spectrum between

the colored sparticles and the NLSP, because the analyses described above are fully inclusive.

Varying the gluino, common squark mass, and lifetime, we have calculated Npass, the

number of events in 1 fb�1 at 7 TeV passing an OR of all the analyses described above.

Shown on the left in fig. 5 are contours of constant Npass = 5 in the Msquark, Mgluino plane,

for di↵erent values of the lifetime. On the right in fig. 5 are contours of constant Npass in

the Mgluino, c⌧ plane for Msquark = 1 TeV. Note that in the right panel of Figure 5 there

are bands of constant Npass as a function of the gluino mass, centered around c⌧ ⇠ 1 m.

These bands exist because there is still EW production of charginos and neutralinos at the

LHC. Even for a modestly heavy Higgsino NLSP, without having colored particles within

reach, the LHC at 7 TeV still has discovery potential during the first inverse fb. With the

13

Meade et al. 1006.4575

• Neutral NLSP: Meade et 
al. explored LHC reach 
for NLSP→ Z gravitino
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"Compressed" spectra?
• Dealing with squeezings is very relevant after discovery to be able to 

access the whole susy spectrum

• Difficult to have scenarios where exp’ reach is penalized across multiple 
searches by just a squeezed spectrum (but it is a logical possibility):

• Different masses → different radiative corrections: difficult to keep 
whole spectrum together separated by small splittings

• Running from high scale tend to open up the SUSY spectrum → low 
scale SUSY breaking required

• Generically more fine-tuned

• Using hard ISR to overcome energy thresholds by recoiling against a 
hard jet (need statistics: xsec * ~0.1 from αs * pdf suppression due to 
larger HT)

MC: need to get that jet from the matrix element and not from 
the shower (and matched sample depending on the cuts)
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SUSY signatures beyond 
the MSSM
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Reducing the missing ET (with RP conserv)

Stealth Supersymmetry

JiJi Fan and Joshua T. Ruderman
Department of Physics, Princeton University, Princeton, NJ, 08540

Matthew Reece
Princeton Center for Theoretical Science, Princeton University, Princeton, NJ, 08540

(Dated: May 17, 2011)

We present a broad class of supersymmetric models that preserve R-parity but lack missing
energy signatures. The key assumptions are a low fundamental SUSY breaking scale and new light
particles with weak-scale supersymmetric masses that feel SUSY breaking only through couplings to
the MSSM. Such particles are nearly-supersymmetric NLSPs, leading to missing ET only from soft
gravitinos. We emphasize that this scenario is natural, lacks artificial tunings to produce a squeezed
spectrum, and is consistent with gauge coupling unification. The resulting collider signals will be
jet-rich events containing false resonances that could resemble signatures of R-parity violation or
of other scenarios like technicolor. We discuss several concrete examples of the general idea, and
emphasize �jj resonances and very large numbers of b-jets as two possible discovery modes.

Introduction. The Large Hadron Collider (LHC) has
embarked on a broad campaign to discover weak scale
supersymmetry (SUSY). Many SUSY (see [1] for a re-
view) searches are now underway, hoping to discover en-
ergetic jets, leptons, and/or photons produced by the de-
cays of superpartners. A common feature of most SUSY
searches [2–5] is that they demand a large amount of
missing transverse energy as a strategy to reduce Stan-
dard Model (SM) backgrounds. This approach is moti-
vated by R-parity, which, if preserved, implies that the
lightest superpartner (LSP) is stable and contributes to
missing energy. In this paper, we introduce a new class of
SUSY models that preserve R-parity, yet lack missing en-
ergy signatures. These models of Stealth Supersymmetry
will be missed by standard SUSY searches.

Even when R-parity is preserved, the lightest SM (‘vis-
ible’ sector) superpartner (LVSP) can decay, as long as
there is a lighter state that is charged under R-parity.
This occurs, for example, when SUSY is broken at a low
scale (as in gauge mediated breaking, reviewed by [6]),
and the LVSP can decay to a gravitino, which is stable
and contributes to missing energy. Here, we consider the
additional possibility that there exists a new hidden sec-
tor of particles at the weak scale, but lighter than the
LVSP. If SUSY is broken at a low scale, it is natural for
the hidden sector to have a spectrum that is approxi-
mately supersymmetric, with a small amount of SUSY
breaking first introduced by interactions with SM fields.

The generic situation described above is all that is re-
quired to suppress missing energy in SUSY cascades. The
LVSP can decay into a hidden sector field, X̃, which we
take to be fermionic, and heavier than its scalar super-
partner, X. Then, X̃ decays to a stable gravitino and its
superpartner, X̃ ! G̃X, and X, which is even under R-
parity, can decay back to SM states like jets, X ! jj. Be-
cause the spectrum in the hidden sector is approximately
supersymmetric, the mass splitting is small within the X
supermultiplet, mX̃ � mX ⌧ mX̃ . Therefore, there is no

phase space for the gravitino to carry momentum: the
resulting gravitino is soft and missing energy is greatly
reduced. We illustrate the spectrum, and decay path,
in figure 1. We emphasize that this scenario requires no
special tuning of masses: the approximate degeneracy
between X and X̃ is enforced by a symmetry: supersym-
metry!
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FIG. 1. An example spectrum and decay chain for Stealth
SUSY with gluino LVSP.

A hidden sector may therefore eliminate missing en-
ergy, making the SUSY searches ine�ective at the LHC.
Moreover, the LEP and Tevatron limits on supersym-
metry mostly rely on missing energy, and do not apply
to these models. This raises the interesting possibility
of hidden SUSY: superpartners may be light enough to
have been produced copiously at LEP and the Tevatron,
yet missed, because their decays do not produce miss-
ing energy. Our proposal is morally similar, but more far
reaching, than the idea that the higgs boson may be light,
but hidden from LEP by exotic decay modes (see the ref-
erences within [7], and more recently [8, 9]). It also has a
great deal in common with SUSY models containing Hid-
den Valleys [10], though in previous discussions 6ET has
been suppressed by longer decay chains, rather than su-
persymmetric degenerate states. Fortunately, there are a
number of experimental handles that can be used to dis-
cover stealth supersymmetry. Possible discovery modes

FIG. 1. An example spectrum and decay chain for Stealth SUSY with gluino LVSP.

cascade, if its mass fits in the small available phase space: we can generalize to X̃ ! ÑX for

a variety of light neutral fermions Ñ . Because gravitino couplings are 1/F -suppressed, such

decays are often preferred if available. Then, we need not assume low-scale SUSY breaking;

gravity mediation can also give rise to this scenario, if a suppressed SUSY-breaking splitting

between X̃ and X is natural. This calls for sequestering, an idea that already plays a key

role in such scenarios as anomaly mediation [4].

A hidden sector may therefore eliminate missing energy, making the SUSY searches inef-

fective at the LHC. Moreover, the LEP and Tevatron limits on supersymmetry mostly rely

on missing energy, and do not apply to these models. This raises the interesting possibility

of hidden SUSY: superpartners may be light enough to have been produced copiously at

LEP and the Tevatron, yet missed, because their decays do not produce missing energy.

Our proposal is morally similar, but more far reaching, than the idea that the higgs boson

may be light, but hidden from LEP by exotic decay modes (see the references within [5],

and more recently [6]). It also has a great deal in common with SUSY models containing

Hidden Valleys [7], though in previous discussions 6ET has been suppressed by longer decay

chains, rather than supersymmetric degenerate states. Fortunately, there are a number of

experimental handles that can be used to discover stealth supersymmetry. Possible discovery

modes that we emphasize in this paper include highly displaced vertices, triple resonances

such as �jj, and the presence of a very large number of b-jets.

3

Fan Reece Ruderman 1105.5135

• Reducing the missing ET below the exp’ resolution is not easily done 
and not fully explored in the literature (various theorists are working 
on it, stay tuned)

Increasing the length of the cascade 
with new (non-MSSM states)

tend to need many stages 
(less stages if multibody decays at 

each stage)

Having a small splitting at 
the NLSP stage + very 
light LSP (gravitino...)

“Stealth”: easier to 
use phase space
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“Stealth” SUSY
• Simplest model: add a singlet to the MSSM (a.k.a. the 

NMSSM). Small splitting can be achieved naturally

• not “hiding SUSY”, just making it discoverable in non-
MET analyses

• Generic feature: pair of multibody resonances (since MET 
is small)

• Some signatures already looked for: e.g. 3-jet “resonances”

• Other signatures proposed, e.g. “resonances” in 1jet
+2photons. There are more cases to explore (in the paper 
just a few examples) 
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Outlook
• We passed the divide between constraining only 1st-2nd gen’ squarks & gluinos 

initiated cascades vs. looking at direct production of the rest 3rd gen’ squarks 
and electroweak “inos”

• Strong limits on squarks and gluinos are currently “trouble” only for (high-
scale) flavor-universal scenarios

• Partial list of things to start looking for (while keep pushing gluino and squark 
bounds)

•  light stops and sbottoms (start already being constrained) 

• weak inos

• Low MET scenarios, RPV

• Long lived NLSP (neutral and charged)

• Compressed spectra

• ...
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